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Chapter I 

INTRODUCTION AND STATEMENT OF THS PROBLSM 

• "Unfortunately skills at formulating and translating 
quantitative statements are given little att&ntion.. .The 
language of science ••• is usually acquired haphazardly" 
(Carman, 1972, p. 316). This deficiency in problem solving 
techniques becom-es most apparent in introductory chemist]^ ' 
and physics courses when students are expected to be aware of, 
and make repeated' use of, units analygis In their course work. 

Literally, units analysis is setting up problems by 
analysing the units of the. known quantities and manipulating 
them so as to obtai» the' desired units,, and hence value,, of' 
the unknown quantity. Practically, units analysis involves 
making any" necessary units conversions and then operating with 
the units as if they were numbers in order to derive the 
solution to the problem. One form of iinlts analysis used in 
engineering and physics textbooks is the factor label method. 
This method involves converting one set of units into another 
by multiplying by conversion factors written as ratios equal 
to one, then canceling xmits as common factors. For an example 
of the factor label method, se6 E^ure 1.' . : ^ 

The purpose of . this project was to develop^ factor 
label method learning package and analyze its implementation 



In a>^igh school geometry classj. The remainder of Chapter 1 
contains the rationale and background of tke Qontent a?id 
approach used« 

* Problem: Conversion Factors: 

60 miles ^ ? feet 1 mi%= 5280 ft# => 5280 f t# := 1 

hour second v -1 mi#" 

l/hr#= 60 min#=$^ 1 hr> = 1 " ^ 
' , 60'min* 
1 mln#- 60 sec#=^ 1 min>= l 
« 50 sec# 

Solution: 

60 mi. = 60 ^ X 5280 ft. x x i 

•hr. ^jr. 1 60 jftirt. 60 sec. 

. =60 X 5280 ft. X 1 X 1 5280 ft. 88 ft. 

30 60 sec. '60 sec. ' -sec* 

t 

Figure 1. The Factor Label Method 
Rationale 

As previously stated,' students'- 'deficiencies in problem 
solving techniques are most apparent in introductory chemistry 
and physics courses^ The deficiencies may result in the science 
teacher spending the first three to four weeks of the course 
introducing the concepts of the factor label method of iinits 
analysis • The disconcerted science teacher blames the math' 
teacher for the students' ineptness; the math teacher maintains 
that units of measure are part of the *^physical*^ realm and if 
the science teacher wants to use them then it •is up to him 
to teach them# The question then arises/^Why not present the 
concepts of the factoj*' label method prior to high school 




3 

chemistry and physics* courses within an integrated mathematics/ 
science lesson, drawing applications from the realm of science 
and Justification from the realm of mathematics?" This question 
forms the focus of the present project. 

Some curriculum groups have made recommendations 
concerning the inclusion of topics related to the" use of imits 
and the factor label method. For example, the Cambridge ' 
Conference on School Mathematics (1963) suggests that a piece- 
meal approach to imits analysis, that is, discussing \mlt/ 
when the need arises, is all that is necessary. However, the 
.Cambridge Conference on the Correlation of Science and 
Mathematics in the Schools (1969) was concerned enough about 
"the role of denominate nvunbers, qi^nlities to which a imit is 
attached, to devote an entire section of its r©*port concerning 
elementary schools to them. It notld that * denominate numbers 
are often presented ^^^dih^jiome boA. of "hocus pocus"" (p, 46) 
Instead of being treated ^ natural results in applied ' 
mathematics. There is a growing trend toward the integration ^ 

of mathematics and science at the elementary shool level 

•* . ■ ' 

which will extend into the high school; • if this trend continues 

I 

denominate numbers and units analysis must become vital parts 
of the mathematics/science curriculum. 

How can students ojbtain a better preparation for units 
analysis prior to entering their science courses? An. obvious 
answer is to Expose the students* to some form of imits 
analysis prior to high school chemistry and physics courses. 
It was decided that learning materials would be developed 
^ using the factor -label method for implementation in the Jiigh 

ERIC - » / 



school geometry class • Most students who take chemistry and 
physics their Jiinior and senior years take geometry their 
sophomore year* 3e3ides introducing the student^s to i^nits 
analysis, presenting the factor label method at this time 
serves other purposes • It relates the abstract approach given 
to length, area, and volume in the geometry course to the 
units of measure used in daily -life, past and present* Also 
by having to establish equalities involving an unknown quantity, 
the students review the algebraic skills- needed to solve ratio. 
^ and proportion problems^-^Ihus the factor label method aids 
in integrating geometry ^with ^>t<her mathematics topics as well 
as with other disciplines. 

The first section of this chapter introduced the 
problem ^under consideration: students' deficiencies in units 
analysis, and presenter! a solution to the problem: factor 
label method learning m^erials. This section has presented 
^.Justification for the\work\to be done* The following section 
will present wiiat has ^eerJdone concerning the factor label 



method of units analysis^An the secondary mathematics curriculum* 




Bfe>ckp;roimd 

Polya (1973, p# 202) states that the **test by dimension 
is ^ well-known, quick and efficient means to check geometrical 
^ or physical formulas As well-known as it may be there appears 
to have been ^ittle, if any, research done in the areas of 
test by dimension or units analysis in recent years • A review 
of SRIC and the Edupation Index reveals several articles orl' 
the pros and cons of integrat:J^g mathematics and science at 
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^ the elementary level with the expressed hope that it could 
someday occur at the high school level^ Yet there does not 
appear any methodology for presenting units analysis in the 

« 

high school mathematics curriculum. 

Space Ito t hematics; A Resource for Teachers (1972, p. 12), 
notes that "the procedure of writing the imits into the 
computation and then dividing, multiplying, adding, anci 
subtracting imits as if they were numbers is not often used 
in mathematics." The same book states that "some physics and 
engineering textbooks do use the ^fa*btor lab^l' technique" 
which at times "offers the best way for one to know what imits 
' are involved in the final answer." References to the procedure 

are made in essentially every high school physics text tp the 
extent of implying the necessity of keeping track of units 
while working through a problem. Some students pick up the 
idea as an aid in solving problems but, as most high school 
chemistry and physics teachers will state, a large percentage 
never do. 

Elementary school mathematics texts may spend a chapter 
on measurement and conversion from one imit to another but 
then the technique is dropped upon the administration of the 
chapter teat. Units analysis is generally not mentioned in the 
secondary mathematics text and even the Cambridge Conference 
on School Mathematd.cs (1963X only refers to imits 1ft. a brief 
appendix • 

Since there appears to be no materials or research 
available on the topic of factor label method in the secondary 
mathematics curiM.culum, i thiq pro^ct was designed 



^0 include 



the development and analysis of the implementation of a 
le&ming package on the factor label method for use in a 
secondary math class. The next chapter presents the development 
of the materials • Chapter III contains an explanation of the 
implementation* Chapter ^IV considers the results of the 
learning package and Chapter V presents the conclusions and 
recommendations of the project* 



er|c 



/ 



1\J 



Chapter II ' , 

DEVSLORIENT OF THE MATERIA 15 

The purpose' of this project was two-fold: 1) to 
develop a learning package on the factor label method of 
units analysis; and 2) to analyze its implementation in a 
high school geometry class. The form^ will be discussed 
in this chapter. 

A molification of the curriculum dAu-elopment model 
auggegtedj%' Romberg and De Vault (196?) wHi followed to 
develop the materials. The major stages of the model (Figure 2) 
include analysis, pilot, and evaluation. An initial phase" 
of the analysis stage vas to establish a task- analysis. At 
that doint, the ^^havioral objectives and the order in which 
concepts would be taught were determined. With this basis, 
an instructional analysis took place which resulted ^n the 
developed materials and a schedule of presenting the procedures 
of the factor label method. s 

Mathematical Analysis 
The first stage of the curriculum development model 
Is^ tijie analysis stage which Involves consideration of the 
mathematical content to be presented followed by an analysis 
of how the content shol^ld be presented. The remainder of this 
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Mathematical Analysis 



Instructional Analysis 



Implementation; • 
Learning Package 



ANALYSIS 



PILOT 




EVALUATION 



Figvire 2. Curriculum Development Model 
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section contains: 1) an outline of the mathematical cpntent, 
2) task analysis, and 3) a list of behavibral objectives^ 

The content to be presented (Table 1) included " 
definition and application of the factor label method and 
related mathematical concepts. Since the factor label method 
relies on the repeated use of ratios, the prerequisite skills 
Identified involve multiplying by fxactions and reducing 
fractions to lowest terms by identifying common factors. 
^Although it was hoped that students at the sophomore level 
in Irigh school would possess the necessary skills, review of 
these skills was presented as difficulties arose. The content 
outline and prerequl^site skills were used to establish the 
task analysis • 

, • 12 ■ • 
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TABLB 1 

Mathematical Content Outline for' the 
Factor . Label Method Learning. Package 

I# Definition of ^he factor label method 
A# Multiplicative identity 
B. Conversion, factors 

1» Metric system equivalences 
2# Other equivalences . * 
II • Use of the factor label method 
A. Conversion of "singular** units 

B# Conversion of '^multiple** units 

p ' , 

111. Applications: problem solving ^ , ' 

' Task Analysis • " \ ' 

In order to establish a tas^ analysis, reference was 
made to ^Developinp; Individualized Instructional 2»iaterial by 
Stuart R. Johnson and Rita B. Johnson (1971) /a task analysis 
Involves breaking ^^^eaming task down into component, tasks, ; 
each of which piust be mastered jprior to masteiy of the total 
task. Therefore a final tagk, which in this pi-oject is using 
the factor label method of. units analysis in problem solving, 
is mastered by first mastering subtasks. The classification 
(ordering) of the subtaska suggests a sequence of presentation 
as does the "content ou'bilne. The task analysis for- this project 
(Figure 3) was established by^considering the complexity of 
the units involved. Working , with, and 'converting, "single" 

.13 
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Solve for unknown' quantity 
("multlpld*'. and "multiple-ratio" units) 



2r- — 

-J.'/.- 



Convert •"multiple-ratio" xmits 

— ?r- ^ 



Convert, "multiple" units 
' 3r 



porm "multi ple" units 



Solve for unknown Quantity 
("single" and "single-ratip" units) 

zs \ 




Conv ert " single rratio" >ifiits 

~1 



Convert "single" units 
1^- 



multiplying 
fractions 



multiplicative common 
identity factors 



Learn metric conversion factors 



I 



Form conversion factors 



7Y 

ratio 



Note:^^ denotes behaviors included in the study* 
/\ denotes prerequisite behavior or concept. 

i' - ' • ■ 

Figure 3. -Task Analysis of Factor liabel Method Concet^ts 
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units (-units involving one unit of measure), and "single-ratio" 
units (imits involving a ratio ^of two "single" ur^its) was 
considered prerequisite to working with, and converting', 
"multiple" (units involving the multiplication of two or more 
"single" unit^ and "multiple-ratio" (units' involving" the 
ratio, of two "multiple" imits) imits. The desired results of 
the main subtasks were then used to write the behavioral 
objectives. . ' #• . 

■ 

Behavioral Objectives * 

The overall behavioral objective la that after the 
Implementation of the learning package the students will be 
able to use the factor label method of units analysis. The 
learning package was divided into two individualized learning 
packets with a list of behavioral objectives^ achievement of 
which was considered equivalent- to achieving the overall 
objective. The behavior objectives (Table 2) are in the 
cognitive domain at the Knowledge, Comprehension, and Application 
levels of Bloom's Taxonomy (Johnson and Johnson, 1976)4 Since 
the second packet relied on mastery of the first packet, the 
behavioral objectives of the second included the behavioral 
objectl^ves of the, first. 

Once the objectives were selected, the criterion measure 
was established. Criterion measures **allow^the collection of 
evidence of change in behavior, thus glvlnfe evidence of 
instructional effectiveness**( Johnson and Johnson, 1970, p. 31) 
For the learning packets developed, -the criterion measure was 
performance on' a posttest containing eight problems (two 
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'concerning each behavioral objective). Performance on a 
pr'oblem was judged either satisfactory or imsatisfactVy 
depending on whether the student set up the problem correctly 
using the factor label metho'd or. not. The minimum level of 
acceptable performance for a student to have ach^ved the 
overall objective was to score 75 percent or better oh the • 
posttest (12i percent wasi recorded for each satisfactory use 
of the factor label method). The percentage of students 
performing satisfactorily on each problem was consid3>ed in 
determining achievement of the individual behavioral objectives 
of the learning package. 



TABI^ 2 

Learning Package Behavioral Objectives 

1) Given metric imits of length and mass, the student 
should be able to convert to other metric units • 

2) Given the conversion f actors of any measurement 
system, the student should be able to convert from 
one set of ^*single" or ^single-ratio" units to 

. another set • 

3) Given the conversion factors of any measurement 
system, th? student' should be able to convert from 
one set of Vultiple" or %ultiple-ratio" imits 

to another set* 

4) The student should be able to solve for "unknown 
quantities by working with the units of the^known" 
quantities* ^ 
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After determining the mathematical content outline, 
task analysis, behavioral objectives and criterion measure 
for the learning package, the minimum l^vel of acceptability 
of the materials was established. The materials' would be 
considered successful if 75 percent or more of the students 
scored 75 percent or more on the posttest. This completed the 
first step of the analysis stage. The next step, instructional 
analysis, involved the defvelopment of th? materials needed to 
present the content according to the task analysis in order 
to meet the established behavioral objectives. 

Instructional Analysis 

V 

The previous section dealt with "what" to present-^ 

--^whereas this sect 3/on deals with "how"<.to present it. It was ^ 

decided that an individualized learning packet approach would 

be used. Two packet^ were developed: the first deals with the 

definition of ' thp factor label method and "singular" units, 

and the second deals with "multiple" units and problem solving, 

P6r evaluative purposes, a pretest and a posttest were developed, 

Jti^ learning packet approach was selected with the 

' philosophy of John P, and Joseph G. Gindele (1972, p,l) in 

mind. Their'/ philosophy maintains that: 

1) students will learn better if they know exactly what 
is expected of them (this is achieved through the utiliza- 
tion of behavioral or measurable objectives), 2) if they 
are provided with a set of educational experiences to 
meet those objectives, and 3) if they are' able to demon- 
strate mastery of the material. 

Each .packet contained a ^ief introduction on procedure, 
a listjof behavioral objectives, sample problems, in-class 
assignrtient ana 'home work aasigrpent . The remainder of this 

-'7 



section presents the details of the development of each 
packet and the tests to be used to evaluate them. 

Backet n \. . ^ . ' V - 

.Packet #1 <Appencklx A) was developed to present the 
concept of the factor lab^ method of units analysis and its 
use in solving problems' involving "single" and "single-ratio" 
units. The packet was divided into four parts: Packet #1, Day#l 
(the material to be completed the first day of class); Packet #1, 
Day #1, Assignment (homework material); Packet #1, Day #2 (the 
material to be completed the second' day in class); and Packet #1, 
Day #2, Assignment. 

The introduction to i^cket #1 includes an explanation 
of the procedure being used ( individualized packets) , an 
explanation of the Godihg/of the pages .by packet number and , 
day number, and a* list'qf the desired results (behavioral 
objectives) that the sty(dehts are expected to achieve. 

The first day ' s. material begins by defining the factor 
label method. The method used is the factor l^el method 
presented in Chemistry; A ModeriTlSourse . Merrill Publishing 

- : r r«. 

(Smoot, Price and Barrett, 1971)^ the initial quantity is 

multiplied by ratios equal to one such that the units can be 

treated as aommon factors appearing in the numerators and 

denominators, and in effect divided out. Since this method 

involves conversion ratfos equal to one, the firs^ pj^blems 

reviewed the corrupts. of the multiplicative identity one 

and conversion factors. Reference was made to Arithmetic for 

N... ' 

Science Students; A Programmed Discussion by Jay A. Yoting (1968). 
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The packet ^then includes completed sample conversions involving 
•^single" units followed by conversion problems to be completed 
by the students. The last part of Packet #1, Day ^1 and 
Packet #1, Day #1, Assignment includes discussion of the 
metric system. The prefixes are defined euad sample conversions 
are demonstrated. This ^discussion is followed by conversion 
problems and the assighment. The assignmer^t is to measure 
parts of the body in inches and then make conversions to the 
metric sysyteii. The figure used in the assignment (fig.l, 
Packet #1, Day #1, Assignment) aAd ideas ^f or problems were 
obtained from Exploring Mathematics On Your Own Series; The 
World of Measurejaent by Donovan A I Johnson and| William H# \ 
Glenn (1961). A reference' sheet, All You Need to Know About 
Metric by the ifetric p:ifbmatlon Offic^ National Bureau of Standards, 
was included for the personal uae of the students.' 

The second day*s material introduces the *^single-ratio*^ 
units. The initial problems involve the comparison between 
^distance traveled (units of length) and units of time. At this 
point the •^chart form" for writing out the conversion problems 
is introduced (see Packet #1, Day #2, (6), Appendix A)/. The 
**chart form'^ is suggested as an aid in organizing the conversion 
.factors to determine which units may and may not be canceled. 
Several of the problems prese/ited refer to historic-literary 
and scientific topics. A main reference for the latter is 
Space Mathematics'; A Resource for Teachers by NASA (1972) • ^--"1 
The assigmient for the second day allows the students to^hooip " 
between problems of historic-literary and scientific contexts* 
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As stated, the jnorpose *of Packet #1 is to introduce 
- the factor label method and have the students use it in 
the conversion of "singoilar^* imits. The purpose of Packet #2 * 
is to continue the use of the fj^or label method to solve 
for unknown quantities invo/ving **singular** imits and to 
present its use in converting, and solving, problems that 
involve "multiple** imits. How this is accomplished is discussed 
in the following section. ' ^ 

Packet #2 

Like Packet #1, Packet #2 (Appendix B) is divided into 
foxir parts: Packet #2, Day #1; Packet #2, Day #1, Assignment; 
Packet #2, Day #2; and Packet #2, Day #2, Assignment. The ^ 
introduction presents the desired results the students are 
exrjiected to achieve upon completion of the packet. The first 
ideas discussed in Packet #2 are solutions of problems in 
which the units of -tlie answer are known and are '^singular" ^ 
in form. The approach demonstrated considers the units of the 
known quantities and the unknown quantity* The units of the 
known quantities are multiplied or divided so that all units 
are canceled except the known units of the answer. The students 
are instructed to use the "chart form" and the factor label 
method' whenever applicable. Samole problems are given which 
are followed by problems for the students to solve. The 
Packet ^2, Day #1, Assignment continues the lesson by consisting 
of problems involving solving for unknowns with known "single" 
and "single-ratio" units of measure. 
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Packet #2, Day #2 begins with "multiple" \anits (units 
Involving the multiplication of "sing3,e" units) in which the 
. symbol "-"• denotes units multiplication as in "ft .-lbs." 
After converting, and solving problems involving, "multiple" 
units, the students start into solving problems with "multipl 
ratio" \inits ( units involving the multiplication of "single- 
ratio" units). The same procedure of oplrating with the imits 
of the known quantities so as^to cancel all but the desired 
units of the \inknpwn quantity is demonstrated. The final 
assignaent of the packets. Packet #2, Day #2, Assignment 
includes problems on the material presented in both packets. 
Ideas for problems used in Packet #2 were obtained from the 
same references used for Packet #1. Packet #2 concludes the 
materials developed for introducing the factor label of units 
analysis in the secbndarjjj mathematics curricul\im* 

Evaluative Tests . 

To evaluate the need for, and success of, the packets t 
pre- and post- tests parallel iry form were developed. 2aoh 
test contains two problems designed for testing e^ch of the 
four objectives (eight problems total). As a midway check for 
the students and the? instructor, a quiz was developed to test 
the students on the material presented in Packet #1. These 
tests are included in Appendix C. 

The packets and evaluative tests form the learning 
package developed to present the ideas /<5^ the factor label 
method in the secondary mathematics curriculum. The learning 

a, 

packjage is the re^ult\ of the mathematical analysis phase 
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discussed in the first pa!rt of this chapter, and constitutes 
the instructional analysis phase of the project./^ 

Summary 

This chapter has dealt with the "what to present,** and 
the *'how to present it," of introducing the factor label 
method to high school sophomores. In essence, this chapter 
has discussed the first purpose of the present project: the 
development of a learning package. The package was constmic^d 
by. following a modification of the curriculum development 
model of Romberg and Oe Vault (196?) through the analysis 
stage. The second stage of the model is the pilot stage which 
includes trying out the learning materials. The next chapter 
will iJresent th^ implementation of the learning package with 
the analysis of \,he results following in Chapter IV.' 
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XJhapter III 

) IMPLEMENTATION OF THE ^LEARNING PACKETS 

* 

The first stated purpose of this projecli was to \ 
develop a learning package on the factor label taethod,^ 
units analysis. The second purpose was to analyz^-^s 
implementation in a high school geometry class • It is the 
purpose of this chapter to present the details of the 
implementation with the analysis of results following in . 
Chapter IV, The iteias to be discussed include the student 
population and environment, the teacher and facilities, the 
schedule of presentation^ and the condupt of the study • 

3tudent Population and Environment 

The learning packets were implemented at University 
of San Diego High School from i4arch 18, 1974 to iviarch 28, 1974 
in a college preparatory geometry class • The class consisted 
of 33 students of which one was. a freshman, 25 were sophomores. 
Six were juniors, and one was a senior • 

University , of San Diego High School is on a rotating- 
drop schedule • Each class is assigned a block letter, A through 
Gt On Monday, A block is first period; blocks B through £ are 
then held during the corresponding second through fifth periods 
of the school day; F block drops (does not meet); and G block 
is held sixth period* On Tuesday, blocks B through D rotate 
with F taking over second period, and E drops. This pattern 
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continues through. the week. The A and G blocks djo not rotate; 
they meet first and sixth periods respectively except on 
Tuesday when A drops and Friday whenG drops. The rotatlng- 
drop schedule for blocks B through F- results In meeting with 
a class four days a week a^t a different time each day."^ 
geometry class involved in l,he project study was a block 



class which met at 9:10 Monday, 10:05 Tuesday, 11:00 Wednesday, 
and, 12:25 Thursday for fifty minutes each day. 

Teacher and Facilities 

The author of the packets presented the matejpials to 
her own geometry class in the classroom regularly used by the 
class* Each student was giv^n mimeographed copies of the ' 
packet materials as they were discussed and assigned* The 
blackboard was used for explanations and sample problems* ' 
Quizzes and tests were typed and administered to the students* 

Schedule 

The instructional schedule 6f packet presentation and 
testing is^based on the daily, outline displayed in Figure 4* 
The focus of each day's work is briefly stated* The complete 

l^amirig package is found in Appendix A and Appendix B* The 

* 

next section will disbuss the actual implementation of the 
learning package* 

Conduct of the Study 

The first day's plan included a brief verbal introduction 
by the teacher on the factor label method of units analysis, 
and the l)retest* The introduction lasted fifteen minutes and 
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Posttest \ _ 1 






Review of materials: Pa^cket #1 and Packet #2 , 




- > .... 


■ Packet #2, Day #2:. Vultiple" and Multiple-ratio" 

. units piroblem solving 







, Packet §2, Day #1: "sirtsle-rat'io" units 

problem solving 



Quiz 

Review of Packet f^l 










Packet #1, Day #2: "single~rati^» units 




V. 


Packet #1, Day #1: factor label method 

"single" imits 



Pretest 
Introduction 



Figure 4. Instructional Plan: 

Factor ^Label hithod iviaterials — 
Anticipated Number of Days (8), 
Fifty Minutes Per Day 
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presnted Sample **single/* "single-ratio^" and "multiple-ratio" 
* units" problems. Conversion factors (units relationships vrritten 
as ratios equal to one), cancellation of common imit factors, 

\and setting up problems wei^e demonstrated* The students were 
attentive but were used to being able to follow alpng In a 
textbook during a verbal presentation and at this point none 
of the materials had been distributed. After the introduction, 
the pretest (Appendix C) was administered. The students were 
allowed thirty minutes to complete the eight problems; however, 
all papers had been turned in within twenty minutes due to 
the students' not knowing enough about vinits analysis to 
complete the problems. Analysis of the pretest results is 
foimd in Chapter IV.. The main reaction of the students at this* 
point was that it was unfair to test them on topics they had 
not been taught before; ^ey did not understand the use of 
a pretest* , 

The second day's plan of the project included Packet #1, 
Day #i materials: factor label method and "single" tinits* So 
the students would not feel defeated before starting, the 
pretests were not returned to them. They were told it would 
n^t affect their grades but that it served as an example of 
the posttest that would count. The materials were distributed 
and the students were to work on their own asking questions 
^ wi^en the need arose • 

The main difficulty encoimtered was that students would 
not read the directions before attempting the problems' and, 
therefore, they jf/ould .npt include* units in the conversion 
factors. Some students had difficulty with using two conversion 
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factors in the same problem. Over half of the class finished 
_ the in-class assignment. The assignment was distributed but,. 
> since It' involved measuring parts of ' the body, only the 
students with "rulers (four students) continued. ^ 

- The third day's plan .included Packet #1, Day -#2;. "single- 
ratio" units. Before distributing the packet materii^lfe, the • 
feeacher answered questiojpie- on the previous day* s material. 
The bigg'est difficulty was us^ng two conversion factors of an 
lonfamiliar measurement system in the same problem • Completed 
assignments and packets were collected. Due to office requests 
and replies, the ^cket #f, Day #2 lesson was Relayed ten minutes • 
Most students were unable to finish the in-class assignment In 
the time allowed. The main difficulty was that the students 
were trying' to work the problems direatly from the sample 
problems instead of carefully reading the problem and th&n 
developing their own analysis. ' ^ , 

The fourth day^s plan included a review of the material 
presented and quiz on Packet #1. The materials collected before 
; were ^returned t^ the students wijth correction comments. As 
before, questions on the previous day^s m^^i^rial were answered. 
The completed assignments and packets "were collected. The 
teacher presented; a brief review of the factor label method 
of solving conversion problems involying "single" and "single- 
ratio" units before administering ^ the quiz. The quiz (Appendix C) 
consisted of tyo problems testing each of the three objectives^ 

of i^acket #1. The students were allowed twenty minutes. 

. "» • ' 

Several students had trouble operating with the numbers involved 

* / 
in the problems, such as reducing fractions and placing the ' 
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decimal point when dividing, and were unable to complete the 
quiz. , ; . , 

The fifth day's plan included Packet #2, Day #1: 
"single-ratio" units problem solving. The previously collected 
papers and quizzes were returned to the students • The quizzes 
were marked as to which objective the students had not inet# 
For the analysis of the quiz results see Chapter, IV* Of the 
Initial 33 students', two were absent the^ay of the quiz* They 
were ^informed 'of the material included in the review and 
continued with the rest of the class • 

After the quiz was discussed and Questions* answered, 
the Packet #2, Day #1 mi^erials were distributed. The main 
difficulty with this material was inverting given rates • The 
students were hesitant to accept that saying a car traveled 
50 miles/hoxar was equivalent to saying it took the car , 
1 hour/50 miles* It was noted that the former is the speed of 
.the car, and the latter is not; however, both statements give 
the same information concerning the speed of the car# Most 
of the students completed the ifi-telass assignment* Althoiagh 
they were doubtfui concerning density problems in which the 
unit *^g/cc" was unfamiliar* The Packet #2,»Day #1, Assignment 
was distributed at the end of .the period* 

The sixth day's plan include4 the Packet #2, Day #2 
materials: "multiple** and "multiple-ratio" units problem 
solving* The same procedure of returning papers, answering 
.questions, and collecting assignments before distributing 
the packet materials was followed. The students had little 
difficulty with the "multiple" units and converting "multiple- 
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ratio- units. Some difficulty was. encountered in solvin^'for 
an unknown quantiti7 when the known quantities involved "multiple- 
ratio" units. The difficulty resulted from not bei^g-Sx^eSof 
canceling -common^ factors. The students,, in gene^g^TT^i^to 
be able to s,^^ up the problem correctly. Several students 
completed the entire in-class assignment and started the 
Packet #2, Day #2, Assignment. 

The seventh day's plan included a review the materials. 
Collected papers were returned and questions were answered. 
After student questions were answered (15 minutes of the 
period), the teacher presented a summary of the material from 
both packets. A verbal drill on the. meanings of the prefixed 
used in the metric system was followed by sample problems. 
Conversion problems and solving for an unknown quantity were 
discussed. The remaining ten minutes of the period was left 
for individual atudy and aid. 

The eighth day's plan included the posttest. The first 
15 minutes of the period was allotted for answering student 
questions. The questions mainly dealt with .problem solving' 
that included Wtiple-ratlo" units of an unfamiliar system 
of measurement. Within the 15 minutes, all questions posed 
by the students were answered. The posttest was then distributed. 
The students had thirty minutes to complete the eight ' problems 
(two problems on each of ' the four objectives stated for 
Packet #2). Of the 35 students in the class, two vgre absent 
the day of the posttest. They took the same test the next 
week and were included in the analysis of the results discussed 
in Chapter IV. All students were able to complete what they 
knew on the posttest in the time allowed. 
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General Comments 
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While . working on the packet materials, Uie students 
were allowed to work together with the imderstanding that' 
each student was expected to work alone on the quiz and tests. 
It would have been beneficial to- have had a teacher' s aid 
present to assist in distributing and collecting materials, 
and answering individual questions. 

Throughout the implementation, evaluations of th^ 
collected packets and assignments were used to plan what 
would be presented in, or added to. We next day^ question 
and answer period which usually lasted^ten to fifteen minutes. 
The packets and assignments were checked and corrected daily 
to encourage the students to continue with the materials on 
schedule, and not fall behind. The main fikfficultieg the 
students had resulted from not reading the directions carefully, 
and keeping track of the limits. At the beginning of the^project 
the .students were starting with the problems Instead of 
reading thfe directions. By the end of the project most of the 
students were reading and following directions and therefore 
th^ knew how to use the imits involved in the problems. 

This chapter has presented the implementation of the 
learning package on the- factor label method of imits analysis, 
in a high school geometry class. Backgroimd information on 
the student population, teadher and facilities, and schedule 
of presentation involved in the project vere Included. These 
items were followed by a discussion of the daily lessons and 
tes-ting. The materials developed were supplemented by verbal 
presentations by the teacher based on the* analysis of the 
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analyzing the results of the testing will 

be discussed'- in Chapter iv. ' 




. ;■ ' - " Chapter IV ^ 

- RSSULTS' . ■ •' ' ' [ 

0 

The -stated pivpose of this projeot was:,!) to develop 
a learning package^n the factor label method of imits analysis, 
and 2) to analyze its implementation in a high school geometry 
class. The first step was presented in Chapter II followed 

a discussion of the implementation ih Chapter III. The 
purpose of Chapter IV is to .discuss the second step of the 
project purpose, that is, to present the analysis of the 
results of the, learning package. This chapter, constitutes, 
the third stage of the c^^rriculum development model, evaluation. 

The criterion measure was performance on a pbsttest 
containing* two problems on each of the four behavioral objec- 
tives of the. learning package. A .pretest parallel in form to 
the posttest was used as a comparative measure. The goal of the 
learning materials was to present and teach a technique of 
solv^g problems. The problems on the pretest and posttest 
were marked satisfactory (S) or tmsatis factory (U) according 
to 'whether the student^'correctly set up the problem or not. 
A mark of "Sc" was given on problems la) and lb) if the 
student correctly set up the ^Jj^^blem but had used an incorrect 
conversion factor. It was assumed for this study that after 



setting up a problem correctly the student would be able to 




28 

32 , 



C 29 



solve the problem correctly. Often times this was not the 
case due to errors in multiijlying and dividing. A complete 
table of the da-ta obtained is fovmd in ^^poendix D. The 
..remainder of this chapter will present a sximmary of the data. ^ 



Overall Results 

Concerning overall results, the 33 students had a 
pretest mean of 1*5 md a posttest mean of 6.4 out of a 
possible raw score of a. An "s" mark received one point and 
a "U" mark used zero points. A modification in the scoring 
was made for problems la) and lb) . Since the behavioral 
objective stated (Packet #2, Day #1): "Given metric iinits of 
length and mass, you should be able to convert to other metric 
units,*' the students were, tested on their ability to use the 
factor label method and their knowledge of the metric conversion 
factors. Therefore, if the set-up was correct the student 
received ^ point; if the set-up and conversion factors used 
were correct he received one points That is, a student received 
t point for an "Sc" mark and one point for an Vs" mark. In 
percentages, the mean pretest score was 18.8 percent and the 
mean posttest score was 80 percent. These results are given 
in Table 3. 

Behavioral Ob.lectives * - 

The minimum level of acceptable performance for the 
student to have achieved the overall objective was to score 
75 percent or better on *the posttest* The minimum level of 
acceptability for the learning materifils was that 75 percent 
or more of the -students would score 75 percent or better on 

33 
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/ TABLE 3 

Overall Results of the Pretest and Posttest ' 



Pretest Posttest 

: -z:^ — 

Mean (out of 8 items) 1.5 6,4 

.Mean In terms of 

percentages 18#256 ■ 80.0^ 



the posttest* Of the 33 students, 25 or 75*8 percent of the 
students scored 75 percent pr better on the posttest. Therefore 
the material's were considered, successful* 

To analyze the results of the individual behavioral 
objecti^ves, the percentage of students who received an ^S*^ 
mark (accomplished mastery) was computed for each problem on 
the pretest and posttest (Figure 5) • The average of the percentages 
assigned to the problems testing each objective was then com- 
puted (Table 4). The results of the posttest are that 56. 1 
percent mastered objective (1), 87.9 percent mastered objective 
(2), 87.9 percent mastered objective (.3), and 81.8 percent 
mastered objective (4). , \ 

Of the foiir objectives, objective (1) had the lowest 
perce^itage of student mastery* Mastery of objective (1) relied 
on not only using the factor label method of problem conversion 
(77*3 percent of the students correctly set up the problems), 
but also knowing the metric conversion factors (only 56#1 
percent of the students used the correct metric conversions) • 
Mastery of the other objectives relied on the correct use of 
^) the factor lalpel method w-lth known conversion factors • 

EBJC. • ,34 
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Figure 5» Perjsentage Graph of Students Satisfactorily Setting 
Up Eaph Problem of the Pretest and the Posttest 
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' TABLS 4 

Mastery of the Learning Package Behavioral Objectives 



Objective ; 

4 


Student Mastery Percentages' 


Pretest 


Posttest 


1 


^ 1.5% 


56.1^ 1 


2 


25.8% 


87.9^ ^ 


5 


36.4^ 


. 81.9% 


4 


9.15b 


81.8^ 



The results of the quiz administered after the implemen- 
tatJ.ion of Packet #1 were not included in th© previous statements 
of results but are now considered for completeness. The quiz 
was marked as to which objectives the students had achieved. 
Therefore the results included marks of "none," "l," "2," 
^ "3," "1 & 2," "1 & 3," "2 & 3," and "1, 2, &.3." A complete- 
table of the data is foiind "in Appendix D. A summary of the 
data appears in Table 5. It should be noted that the objectives 
considered are those in the introduction to Packet §1 (Appendix 
A). It is again evident that the students had not learned the 
metric conversion factors since only 42.4^ bf the- students met 
objective (1), , " . 

Chapter Summary 

^ - This chapter has presented the results of the evaluation 
stage of the project study. Since 75.8 percent of the studejats 
scored 75 percent or better on the posttest as compared to 
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TABiS 5 ' 
Mastery of Objectives of Packet #1: 
Summary of Quiz Resulta 



OBJaCTIV£ 
# 


NUMBSR OF STUD2NTS 
MASTSRING .TH3 
OBJECTIVE 

1 


PERCENTAGE OF STUDENTS 
MASTSRING THE ' 
OBJECTIVE 


1 




J 42.4^ 


2 


18 


60.6^ 


3 , 


21 


69.7^ 



96.7 percent scoring 37.5 percent or below on the pretest, 
the learning package developed to present the factor labe'l 
method of tinits analysis was considered successful,. The • 
evaluation stage completes the curriculum development model 
used in this study and presented in Chapter II. The next 
chapter will conclude the report of the project by discussing 
general conclusions and recommendations. 
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Chapter V 

SUMMARY, CONCLUSIONS, AND RSCOtdMENDATIONS 

^ ^ ] Summary 

The factor label method of units analysis is a problem 
solving technique useO^jin the fields of chemistry and physics • 
It consists of treating, units as numbers and writing conversion 
factors as ratios equal to one* Although' it is based on the 
mathematical concepts of common factors and the multiplicative 
identity, there appears to be no r§^^earch,or materials^ available 
on its implementation in the secondary mathematics curriculum, 
/^ijherefore, it was the purpose of this project to develop a 
. learning package oh the factor label method and analyze its 
implementation in a high school geometry class* 

A modification of the curriculum development model of 
Romberg and De Vault (1967) waB used to develop the materials* 
The mathematical analysis phase of the analysis stage resulted 
in a content outline, a task analysis, and. a list of behavioral 
objectives* These were then used in the instructional analysis 
phase to develop the two packets, the 'pretest and the posttest* 
The materials were implemented in a college preparatory geometry 
class at University of San Diego High School for the pilot stage* 

The goal of the project was to have students learn the' 
factor label method of units analysis prior to their enrollment 
In high school chemistry and physics/The criterion measure of 



t.e level of aj^a.le perfo^ance .et a 

,3 Percent .eUer on W po.Ue3t. ..e .1„1.^ . 
level or aOeeptaMlUy o. the learning materials was that 75 
percent or more of +v,^ * . 

Of the students would score 75 percent or 
better on the posttest. 



ConCluslong 



The project focused on -the question "Why not present 

• t ^""^ — -thod) prior to hlsh school 

Chemistry and physics courses within an Int , 
science l.o Integrated mathematics/ 

; -"^'""^ ^-"P^-tions from the realm of science 

- Justification from the real, of mathematics," since 

(D»<5 percent of the q+i,/?^^* 

zne students scored at leaqf vc 
^.y,^ , . u xeast 75 percent on 

- pos test, the materials were considered successful and 
the implementation of the factor lahel method In a seconda^ 
«athematlcs class Is considered posslhle. and worthwhile. 

.Over 80 percent of the students demonstrated ahUlty 
o use the factor la.el method hyv^sterlns objectives ■ 
,(5).and(.,ofthe^c.eti.^ewea.polntoftheproj - 

or he packets. This lo/i^el of perfo»ance resulted from 
naae,uate ^owledge of the metric conversion factors needed 
to solve the problems testing the achievement of objective ,1, 

However. 770 percent used the factor label met. . 

''"^ J-aDel method correctly 
in se tins up the problems. Therefore, the overall objectlv 
Of using the factor label method was also achieved for each 
packet objective, * ' 
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Re c ommenda 1 1 on 3 
This project resulted from a desire to present some 
form of units analysis to students prior to their enrollment 
in high school chemistry and physics^ The real success of the 
materials developed relies on the students* ability to use 
the concepts presented during their sophomora year in the 
fall of their Junior year. Therefore, a follow-up study should 
take place during the students' junior year. A comparison 
should be made b^ween the achievement of students who had the 
factor label method materials during their sophomore year and 
the achievement of students who did not. 

The materials developed do not exhaust all of the 
approaches that .could be used to teach the factor label method. 
The^ content of the packets included problems from historic- 
literary and scientific contexts to allow the students some 
choice, recognizing the various interests of the students. A 
teacher could adapt the format to other disciplines as Well# 
Depending on the makeup of the class, the problems could 
introduce quantities used in chemistry, physics, business or 
economics. 

The class parUclpating in this study was unfamiliar 
with the individualized packet approach. It was proved bene- 
ficial f6v the teacher to include bri.ef verbal explanations 
when new concepts were introduced in the materials. The amount 
of teacher input needed depends on the students* previous 
experience with learning packets. At all times the teacher 
should be receptive to the need for clarification of any of 
the ideas supporting the factor label method.* Weak prerequisite 
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.sklllB can be detected by analyzing the performance o„ a 
pretest. .The b^IIIb can then be r;vle«ed before or during the 
•■ .Implementation of the factor label method materials as needed. 

If the individualized leading paclcet approach Is used 
. to present the concepts of the factor label -.ethod, a student/ 
teacher ratio of not more than-^/i I3 ^.^ongly suggested.- 
For this study, .It would have been u'se-feto have "had a teacher 
aid available to assist In the distribution and collection of ' 
-terlals. «hen students wor. on Individualized pa..ets through.- 
out a Class period, they have specific cuestlois re,ulrlng ■ 
specific answers. A student/teacher ratio of 33/1, as was the 
. altuatlon In thls st.dy. I3 too. large to give the students the 
Individual attention necessary. 

The implementation of t^factor label method materials 
m a, secondary mathe.tatlcs ; claVs helped to connect mathematical 
concepts with their scientific applications. If the trend of ' 
integrating mathematics and science at the elementary school 
l.vel e-*pands Into the high school, materials such as those 
used in this study will become vital parts of the Integrated 
curriculum, with the cooperation or mathematics and science ■ 
teachers,, lessons can be developed to cpn^ect the two disciplines 
e^n before Integration ta.es place. «ore research should be 
done^ln the area of the factor label method of units analysis 
?o demonstrate Its. need and useful^.ss m an Integrated mathe- 
matics/science currlculuia. " • • 
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ISABNINa PACK£T: PROBIJSM SOLVINa I 

WHAT: This is arx Individualized packet containing a method of 
. solving problems (factor label method)that can be used 
in many situations* 

WHO: YouV It is up to you to read and complete the packet and 

complete the assignments* If at any time you have a question: 

- ASK for an- explanation* 

, - - /f'^- 

WHEN: Baish page has a Packet #, Day #, and Page ff These serve 
as a guide* For Instance today you should comt>lete the 
pages denoted by Packet # 1, Day J 1 and then* after you 
have checked your work continue with Packet # 1, Day # 1, 
Assignment* Tomorrow would be Packet #• 1', Day # 2 •** 

WIffiRE: In classi You may be able to start into the Assignment 
sheets in class also^ 

HOW: READ ALL DIRSGTIONSl This packet is about a method of solving 
problems ♦ Therefore you wust show your work as directed at 
all times • 

RS3.UIirSt.You should be able to score 75J{ or better on a test on 
the following: 1) Given metric units of length or mass 

you should be able to convert to 
other metric units -(therefore you are 
to know the prefixes used in the metric 
system)* 

2) (Jlven the conversion^ factors of any 
measuteme^nt system, you should be 
able to convert from one unit to another 

3) You should be able to solve for **unknown 
quantities by looking at the units* 

,A11 of the above are to be done by. ^e 
: factor label method* 

/ 

GOOD LUCKl 
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PACKET § I^'dAX # 1 

1. Throughout this packet you will be solving problems by using the 
factor label method . This involves converting measurements from 
one set of xmits to another by multiplying by a conversion factor 
equal to 1 and "canceling" out units • 

CONPU.S£D? Read on before^ you give upl 

2. Recall that any number divided by itself is equal to • 

3. Therefore^ | is equal to , 

A. Now 12 inches = 1 foot. 

5. Does =17 



6. Yes; but be careful: 5>t 1} yet foot^" = ^2 in.= 1 ft. 

. Remeqiber to LOOK AT THE UNITS'. j;"* = 1 is a conver sion factor. 

< ^ -L It. . 

?• Suppose you wanted to find the number of inches in 5 feet. You know 
■ the answer is 60 inches, but how did you decide that? 

Here's the approach you'll be using: 

*5 ft. = ? in. * 



Now 5 ft.== 5 ft. X 1=5 ft. X ^ ? 



inches 
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The units can be canceled as common factors in the same way numbers 
can be: 

30 5 X ^? = 5 X 12 in, 60 in> 

8. Why use 1=^14? > and not 1=. -i^ii ? 

^ 12 in# 

Let's use Ic^ and see what happens: 

1 ft 

5 ft. X ■ * Si 2. Now you cannot cancel "ft.? they must 

• be multiplied: ft. ^ ft. = ft.S 

So 5 ft. X = This is "correct" but not useful since 

!<; in. you were asked to find the number of 
inches in ^ feet . 

THE POINT? — Be sure to use the conversion factor in the way that ^ 
units can be canceled so as to have the answer asked 
for in the problem'. 
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PACKET # 1, DAY # 1 ' 

SO WHAT? -You already knew that 5 ft* = 60 in* without this, right? 

9« Well what about unfamiliar measurements? 

For .Instance, how many centimeters are there in 5 ft. If you 
know that- 1 in. = 2*54 centimeters? 

10. You know from Sxercise 7 that 5 ft."* 60 in., so you want to find: 

60 ln«~= ? centimeters 

60 ln« X 1 = ? centimeters What conversi'on factor can 

be used for 17 1 = 

So 60 ln« X « ? centimeters 

^ 

Canceling out ^^in.** and multiplying, you have centime/te^^^ 

11. **Practice ,Makes Pe^fect^— 

Pill in the proper conversion factors, cancel units^and solve: 

(5280 ft.= 1 mi.) 
a) 3 yd# x « ft* c) 3 mi# x = ft* 



b) 24 ft. X = yd. d) 10560 ft. x ^ = ^ ml. 

■ ■ t 

12. Suppose you had the following measxxrement system: 1 tic =^3 tacs 

1 tac = A toes 
1 toe =- 5 wins 

Find the following: a) 6 tacs = tics , . . 

6 tacs X = tics 



b) 6 tacs^= 


? 


^toes 




6 tacs X 






toes 


o) 4 toes ^ 
4 toes X 


? 


wins 


wins 



9how units I Keep track of xmits: after you have canceled units, 
make sure you have the units you want remaining. 



PAOIOZr # 1,. DAY J X. . . 

15* Given: 1 baj^^S mays Pinds aJ 6 mays = ? rays 
1 may =s^.rays ' \ ' r 

- 1 ray =5 saya ' \^yh x = ^rays 

h) 10 rays = T? mays 
• * 10 rays x = 



o) 412 laays = ? mays 
X 



14. In Exercise 13 the measurement system is based On the multiples 
of 5. The metric system is based on multiples of 10 and uses the 
Greek and Latin prefixes that denote the multiples. 

The following are the most common prefixes and their meanings; 

103 

102 

loi 

10-1 



Icilo (k) 


thousand 


1000 




hecto (h) 


hundred 


100 




deka (da) 


ten 


'• 10 




deci (d) 


tenth 


1 
ID 




c.enti (c) 


hiindijetith 


■ 1 
100 




milli (m) 


thousandth 


1 

1000 





15* In the metric system, the basic unit of length is the meter (m) 

and the basic unit of mass is the gram (g)« 



Therefore, /Telemeter (1 km) = 1000 meters 
{ 1 centimeter (1 cm) JL 



meters or 100 cm « 1 m 
Likewise, V kilogram (1 kg) = 1000 grams 

1 centigram (1 eg) = g^^^ eg = 1 g 

16. How many centimeters (cm) are there in 1 kilometer (1 km)? 

1 km ■ = cm Hint: change "km" to' %" then change %" to 

cm" using two conversion factors 

1 ^Mf^x 1000b X 100 cm = ? ct 

1 jHir 1 ^ 
1 X 1000 X 100 cm 100000cm = 10^ cm 



^3 

PACKET # 1, DAY # 1 ^ 
!?• How many centigrams (eg) 'are equal to 1 kilogram (1 kg)? 
1 kg s= eg 

1 kg X X s= eg 



18« Does more praetiee mean "more perfeet"? Oh well, It ean't hurt.* 
a) 1 hectometer ~ ? em 

1 hm X X cm 



b) 1 dekameter = ? cm 

1 dekameter x x — em 



• e) ^1 decigram = ? milligram 

1 dg X . X =. mg 

Can you determin9 how many centigrams are equal to 1 centimeter? 

Nol This would involve a conversion factor between length and mass 
which you haven't been glven^ - 

When you reach this point, check over what you have done so farj 
then, Continue with Packet ^ 1, Day # 1, Assignment* 



PACKET # 1, LAY # 1, ASSIGNMENT 

1* Early measiires of length were based on parts of the human body: 

fpalm-| 



cubit 




digit 



fig* 1 



2« Measure the following parts of yotir body, then make the 
conversions using the factor label method (2.54 cm=l in»): 



a) cubit = in. 

b) span= in. 

o) i pace= in. 

4) palm = in. 



_cm 

_cm 
_om 
cm 



_dm 
m 



dm 



5» Learn the meanings' and abbr^iatj\ons for the Latin and Greek 
prefixes -used in the metricrsyste/m. 

4» The early measures varied from person to person. The rulers of 
some coiintries established uniform units. King Henry I of 
England (1100-1135 A.D.) proclaimed that a yard be the distance 
from his nose to the end of the thumb of his outstretched hand. 
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PACKST # 1, DAY # 1, ASSIGNi42NT 

5« The Egyptians used stones for measures of weight. Today, stone 
is still used as a unit of measure, (1 stone = 14 lbs.) Calculate 
your weight in stones; 



weight 



lbs. 



,es 



6. Given tSat 2.2 lb8.= 1 kg, find the following: 



weight = 



lbs, 



.6 



3UJ 




Metric is based on Decima! systenv 

* « 

The metric system is simpfle to learn. For use in your everyday life you 
will need to know only ten units. You will also need to get used to a 
few new temperatures. Of course, there are other units which most 
persons will not need to learn. The/e are even some metric units with 
which you are already familiar: those for time and electricity are the 
same as you use now, ^ 



METER: ' a litilc longer than a yard (about 1.1 yards) 
LrrE.\: .1 little larger than a quart (about 1.06 quarts) 
CR/VV.: about the weight of a paper clip 



(comparative sizes are shown) 



1 METER 



25 DECREES FAHRENHEIT 



1 ^ 

1 TT 




^^^^^ i^^^^V^^^— 







25 DECREES CELSIUS 



•c 



-40 



-20 



•F 



-40 



1 YARD 



COMMON PREFIXES 

(to be used with basic units) 

MilH: one*thousandth (0.001) 
dcrtti: one-hundredth (0.01) 
Klto: one-thousand times (1000) 

^For ^^ample: 

1000 roillimetcrs = 1 meter 

100 centimeters = 1 meter 

1000 meters = 1 kilometer 

OTJltR COMMONLY USED Ui^ITS 



1 LITER 




* 

0 32 
water freezes 



Millimeter: 0.001 meter diameter of paper clip wire 

Centimeter: 0.01 meter width of a paper clip (about 0.4 inch) 

Kilometer: 1000 meters, somewhat fprther than Vz mile^about 0.6 mile) 

Kilogram: 1000 grams a little more than 2 pounds (about 2.2 pounds) 

Milliliter: 0.001 liter five of them make a teaspoon 

OTHER USEFUL UNITS 

Hectare: about 2V2 acres 
Tonne: about one ton 

TEMPERATURE 

degrees Celsius are used , 
20 ► 37 60 80 100 
—L U \ L 




80 98.6 160 212 

body temperature ' water boils 



' Forn::orc information, write to: Metric Information Office, National Bureau of Standards 

0 Washington, D.C 20234 \ 




/ 
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PACKET # 1^ DAY # 2 ' 

19. Thus .far the conversion problems have involved only one 
property (mass or length) of an object. Situations arise 
when more than one property are considered at the same time, 

20. Consider the speed of an object. Speed is the comparison between 
distance traveled and a unit of time. If you travel 240 miles 

,ln 4 hours then your average speed in mi,/hrs, will be 

: 4 hrs, ^^ef: • 

Vfhat is this speed in Sli ? 

min, "i 

60 miles J, . o _ - mi, 

60mU ^ \jcs^. _ 60 mi, ^ ^ mi, 

60 min, 60 min, " ^ min, , 

21. Another way of writing out a problem using the factdr label 
method is to make a"chart"of the conversign factors used: 

Sxample: ?0 meters ^ , cm. (Note:, must change %« to ' 

minute sec. h^j^m ^ "min," to «sec,«) 

Draw the following: I 




Insert the -problem: 30 m I j. ? cm 

1 min, i " sect 

Now insert the conversion factors (after each draw a 
vertical line): 

30^ [100 cm I 1 ? cm 

1 1 X' I 60 sec, sec, 

30 [ 100 cm I 1 rs 50 cm 

1 I i I 60 sec, . sec, 

Always check that you have cancelpd correctly X 

22, Average walking speed Is 4 mi./hr,? Use the chart form 
average walking speed in ft,/min, (5280 ft,= 1 mi,) 

. = ft, 

> 1 hr, I min, 

23. 60 mi, - 7 ft. Hint: change^hr." to "min." then change 

sec. "min." to "sec." 
60 mi . ft. 




hr. 



sec, 



O * "<6) 

ERIC ^ ^> ^- 
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•PACKST #1, DAY # 2 ^ - 

Use the chart method: 



24. 90 km = ? a 

hr« seci 



25* Prior to Queen Slizabeth I, the mile (Roman mile) was equal 
^o 5,000 feet which was not a integer multiple of the 
^urlons (unit of measure -220 ft,). Queen Slizabeth I changed 
the mile to 5,280 ft. How many furlongs are there in 1 mile? 

" ■ = furlon£S_ 



mi* 



26. When the United States changes over Ix) the metric system, 
kilometers will replace miles. What will be the equivalent 
of the 55 mi./hr. speed limit sign in km/hr.? (3.28 ft.- 1 m) 




27. The speed of light is 186,300 mi./sec, 
a) What is its speed in ml./hr.? 



b) From a) calculate the speed In ml./yr. (use 365 d&ja/l yr.] 



o) The number of miles light travels in one year is called 
a light year . 

Alpha Centauri is the closest star to our solar system, and 
is 4.3 light years away. (Which means the light the Sarth 
receives today from Alpha Centauri left there 4.3 years ago .) 

How far away, in miles, is Alpha Centauri? 



(7) 1)2 
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PACKET # 1, DAY #-2, ASSIGNMENT 
Use factor' label .- SHOW YOUR WORK I • 
!• Do problem L) or 3); 

L) The Jack and Jill nursery rhyme (17th century) was originally 
a sons of protest against a local tavern owner who cheated- 
on the size of his drinking glasses. 

1 Jill= 2 jacks , and 1 jack = 4 ro (Egyptian measurement 

for a mouthful) i 

How many ro»s are there ih one jlll? 



ro^ s 



1 Jill 



* S) The astronomical unit (AU) is the average 
Sarth from the sun (1 AU = 9.3 x lOT mile 

\ * How many kilometers are there In onerAU? (I'krn* .6 mi.) 



_ distance of the 
miles approximately) t 



km 



1 AU 

2. Do problem L) or S): . "~ 

3) Pinto is the most distant planet in our solar system. Its 
^^i^^<^lata.noB from the-sun is about ^.S x 10? miles. 
(1 AU--9.3 X- 10 ' miles; 1 light year= 5.88 x 10^2 mnes) 

Find its distance in AU's: 

Find its. distance in light years: 

' D^The length' of "the a^k shall be 300 cubits, -the^- breadth of it 
^ 5P cubits, and the h^Kht of it 30 cubits. "(genesis 6j15) 
What were the dimensio^ of the ark in feet? length: 
•' (1 cubit =l^.„ln.) J ' 

' ■ •. ...rN/ 



breadth 



jf^ height: 



1 
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PACKET #1, DAY # 2, ASSIGNMSNT 
3. Dq All: 

Look up the following and give the number indicated hv-^ch 
expression: » > 7 

a) score of years: 

b) gross of boxes: 

c) ream of paper: 

\ l^oJ^ the following and express each in a more common unit 

\ of measure: 

\ . a) peck: 

• b) barrel 

\ 0^ hogshead: / / . 

4« When a spacecraft returns from the Moon, limar gravity will 
, slow it down until it enters the Sarth' s gravitational i/iMuence, 

Sarth's gravity will cause it to accelerate imtil it reaches 
a speed of nearly 25,000 mi,/hr. Convert this to ft,/sec. 



5* 4 mi,/hr; = ? n^min. ( 1 km =,6 mi.) 



ERIC 



(A2) r:,? 



V 



. APBSNDDC B 
FACKST 2 
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ISARNINa PACKS! : PROBIiSM SOIVINa II, 



At this point, ask yourself whether or not you met the 
desired results of Packet #1; 

Yes? Consratulatlons, Keep going and you should be able 
to meet the desired results of Packet # 2» 

No? Go over what you missed before you contlnlxe, Thla 
Packet is a continuation of Packet # 1 so review 
Packet # 1 before continuing. Study the material and 
RikAD and FOLLOW ALL OIRSCTIONSl 

RESULTS: you should be able to score "75^6 or better on a test on 
the following: 1) Given metric units of length, and mass, 

you should be able to convert to other 
metric units, (Do you know the metric 
conversion factors ?) 

2) Given the conversion factors of any 
measurement system, you should be able 
to convert from one set of "singular" 
(will be explained) or"slngle ratio" 
Tinits to another set, 

3) Given the conversion factors of any 
measurement system, you should be able 

. to convert from one set of "multiple" 
or"multiple ratio" units to another set* 

4) You should be able to solve for "unknown" 
quantities by looking at the xinits* 

GOOD LUOKl 
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PACKfiT # 2, CAY # 1 

^' So ^""^ ""^^^ ^^^^ 'method to convert 

from one set of measurement, units to another. 

Sxamples: In. cm; kg —♦g; mi./hr. --*ft ./sec. 

'"f^^^^ °^ ^^^^ conversion can alsb be used 
is ^ ''^^^^ °^ '"^^^^^ the answer 

Don't stop now, -you've gotten this far'. 

^' ^i^^r^'fS^^^F^^^^^ ^ 50 mi./hr. It took the driver 

ori^aliy? ^^"^ ^'"^'^ ^^'^^^^ ^^-^ * 

Look at the Units: you are to find "mi." 

you are given "mi./hr." and"hr." 

gii« I y?^» « mi. ' 
I 

Therefore 50 mi. [ 1^ h< . 50 mi. 1 1^ = YSmi. 

r ■ • 



Therefore the driver was 75 mi. from hoine. 
3. The speed of a manned spacecraft in a high circular orbit 



the Si)ac.ecraft go: 
a) in 6 hrs.7 



b) in 1 day? (Note: chelnge"day" into "hrs.") 



c) In 1 week? 



(2) 57 : , 
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PACKizP # 2, DAY # 1 

4» At an average speed of 50 ml./hr., how long would take to 
drive non-stop from San Diego to Dayton (2700 miles); 

a) in hrs.?' Now you are to find "hrs,** 

you are given "mi./jir," and "mi,'' 



hr ♦ I jc(^ » , hr^ ; therefore 1 hr» 
Same procedure as in if2» , 



2700 jatC ^ 54 hrs» 



) 



b) in days? 



c) Suppose you can drive only 10 hrs./day then how many days 
would it take? ^ ^ 



Show your work* Use factor label inethodl 

5» The factor label method can be used to solve problems involving 
imits other than distance and time» 



6» Set up and solve the following: ^ 



V 



ERIC 



a) Averaging 18 miles per gallon of gasoline, how much gasoline 
is needed to drive from San Diego to Dayton? (2700 miles) 



b) At 55^/gallon, how much would you spend on gasoline to drive 
to Dayton? (Use the result from #6a) 



?• Polyester knit is selling for t3»98/yard. How many yards can 
you buy for #17 •91? 



8» Suppose, on Planet C^eidnas you can go 16 san/id* 
a) How far c^uld yoii go in 6 ids? 



PAGET # 2, DAY # 1 

b) How long would It JtaJco to' go 32 aana? 



9» Density Is the comparison between mass (amount of a -substance) 
and voltome (amoxmt of space the^ substance occupies)* 

Density is mass per unit of voliime* Sxample: Rragta s ^ 

^ cubic centimeter cc 

a) The mass of a golf ball is 45«6 g« 
The volume of a golf ball ia 42 .1 cc« 
What .is the density of a golf ball in g/cc? 



b) The volume of the Earth is 1,08 x 10^ cc» 
The mass. of the Earth is 5-.97*x 10^7 g. 
What is the density of the Earth in g/co? 



(4) 



1* Walking is good exercise: ' 

a) At 4 ml»/iir»,how far coald you walk in 2i hrs*? 

m 

b) At 4 ml»/hr»^ow long would it take to walk 14 miles? 



2*. At the Moseum of Natural History in Balboa V&rk the Poucault 
Pendulum has a 7*16 sec» swing* 

period 

a) How many periods of swing wiir it complete in 42«96 sec»7 



b) How long would it take to complete 5 periods of swing? 



r 



5» Finish the following table: 



Substance 



Volume (cc) 



Mass (g) 



Density (g/cc) 



water at 4 C 



calcium 
chloride 

ammonium 
magnesium 



1*00 cc 



1*00 g 



4.30 g 



5*52*ce 



2.15 g/cc 
1»84 g/cc 



4 60 

/(Al) 



y ■ ' ■ - : - 
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PACKSr # -2, TiAX § 2 . ■ ' 

10« Up to now, the vmlt of measure aasoolated with a number has 

been "singular" (ft., sec, g,...) or "single ratio" (ft./sec.» 
oi./hr., g/cc,...) In form. . * 

Just a& units can be canceled (divided out) lllce numbers, 
mits can be multiplied resulting in- "multiple" units of 
measurement (ft.-lb., ft.-lb. per sec.,...). Note that in 
"ft. -lb. "the symbol (-) denotes multiplication* 

11. WC51K 

What is ^ork"? 

Scientifically "work" is done when a force moves an object 
sojne distance. When you lift an object 1 ft. that weighs 1 lb. 
you have done 1 ft. -lb. of work. 

Wien you lift $ lbs. 2 ft., you have done 2 ft. x 5 lbs. or 
2x5 ft. -lbs. » 10 ft .-lbs. of work. - 

12« Figure the work done; 

( • 

a) 24 lbs. lifted 3 ft. : ft.-lbs. 

to) 100 lbs. lifted i ft.i . ft •-lbs. 

c) 5 kg lifted 2m: kg-m * . ' 



13. Lifting 4 kg, i m results in 2 kg-m of work. " ' 

What is the amount in terms of ft.-lbs.? (l kg» 2.2 lbs. 

2 k^-gfl 3.3 f t I 2.2 Ibs ^ ? ft.-lbs. l=»=3.3ft.). 





1 3,3 ft. 


2.2 lbs. 









14. Find the equlvalent^f lifting a 48 oz. book, 9 in.: 
(16 oz. «= 1 lb.) ' 

a) in ft.-lbs. 



6i 



o ■ (5) 

ERIC 
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PACKST # 2, MY # 2 

b) use answer from a) to find the worlc done in kg-m: 

V 

15» Suppose on Planet Ogeldnas, "krow" is measured ln"tf.-bl«" 
a; How much krow Is done In lifting a 2 bl. object 41- tf.? 

b) How much krow Is done, in tf.-bl.,when you lift 7 bl..9 ni.? 
(assume 1 tf .= 21 ni.) ^ ^ • ••^ 

16. POWSR 

Power is work per unit of time ( example: ft. -lb. ) 

. sec. 

James Watt, an English .inventor, figured the average horse 
could lift 550 lbs. 1 ft. in 1 sec. ^ 

Therefore 1 horsepower = 550 ft. "lbs . 

1 sec. 

a) Of what horsepower" is an engli^e- that is capable of lifting 
■1100 lbs. 4 ft. in 2 sec? Look at the Unltsi 

The engine is capable of 1100 lbs, x 4 ft. _ 1100 x 4 ft .-lbs. 

2 sec. 2 sec. 



or 2200 ft. -lbs. 
sec. 



Therefore 2200 j>l(.-lb^. 



Sj0C 



550 ^^-1^ 
s©<J. 



2200 


1 horsepower 




550 



- 4 horsepower 



(6) 



ERIC 
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PACKST # 2, DAY # 2 

b) Of what horsepower is an engine that is capable of lifting 
1650 lbs, 3 ft, in 5 sec,? 



17» An average man can lift 90 lbs, 1 ft, in 1 sec. 
Therefore 1 manpower =. 90 ft ♦■'lbs. 

1 sec* , ' 

a) Calculate manpower in terms of m-kg : (l m = 3.3 ft. 

sec, 1 kg = 2#2 lbs.) 




b) How many lbs, can a 54 manpower engine lift 18 ft, in 2>sec.? 
(First figxire 54*toanpower in terms of ft,"lbs. ) 

seo# ^ ^- 



IB* Suppose on Planet Z-49 they measxire^'nodpower." 

1 nodpower == 3 nerf-zoot • Calculate "nodpower" in nuf-koot 



dot 

(Assume: 1 nerf » 2 nuf 
2 zoot= 1 koot 
1 dot = 3 spot) 



spot 



(7) 



PACKST # 2, DAX # 2 ■ 

19» Suppose on Planet Z-49 they also measure "doodleU ; J 

1 doodle — 1 nodiDOwer — 3 nerf-zoot 

scrigslo ~ dot-scrlggle 

Calculate 1 doodle In nuf-koot : {Assume 1 wiggle = 4 sorlggle) 

' 3pot-wiggle 
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.PACKST # 2, Di^Y # 2, A3SIGNMSNT * 

^80 factor label method (chart form)»3how work in space provided* 
1» I 1 km* dekameter 

1 

1 kg s centigram „ . , 

3> 90.km - ^ mile (lkins.6ml«) 
hr hr« 

90 km =: ' f ft. ' ' (5280 ft.= 1 mi.") 
hr« - sec. " 4 



5^ Wiat Is the voliime^ln cc's^of an object whose density is 2.6 

CO 

and mass is 322 g? , . ^ 



6« What is the horsepower of an engine which is capable of 
lifting 3305 lbs# 2 ft# per second? 
(Recall 1 horsepower - 550 ft#-lU ) ^ 

sec# 

7» Suppose you had the following, sltuation:^ i 

a) .3 moles, 288*^, 8 liters, ?, atm, and the^-o^nstant^ .082 atm~liter 

^ , ^ 2 moles- <»K 

Solve for ? atm: 



Hint; Set up chart so as to cancel all units but'^atm^l 

b) 1 moles, 283*^,4.94 liters,l .atm and the constant . 082 atm-llter 

I moles- *X 

.Solve for ? moles: 

65 
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APPiENDIX C 
PRETS3T -POSTTEST 
C^UIZ 



9 
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PRE-!rS3T' ^ ^ HAMS; 

Uge factor label mdthod as demons trated^ Your set-up and amswers 
m^l be graded so show all work* 

!• aj 2 kilometers = centimeters 



- b) 360 centigrams ^ decigrams 

2. a) 3i cubit — Inches (l cubit —18 Inches) 

b) 60 mile/hour = feet/second (5280 ft,== 1 mile) 

\ 

3« a) How many ft. "lbs. Is equal to lifting 100 lbs, 3 ft, in '4 sec? 

sec# " 

b) Convert 3 wlp;Kle"Spot into scriggle-dot • (2 wiggle =1 scS»lggle 
zoot koot 3 spot = 1 dot 

1 zoot = 2 koot) 

4. a)»At 90 kilometers/hour how lon^will it take to go 225 kilometers? 



b) 1 horsepower = 550 ft.-lbs. How many lbs • can a 1 horsepower 

sec. engine lift Ip ft» in 5 seconds? 

1 



ERIC 
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PC8T«^2ST NAME: 

Use fadtbr label method aa demonstreted* Your aot-up and answers 
will be graded so show all work* 

i« a) 4 kilograma =• oentigrams 



b) -240 centimeters = deoimeterd 



2* a) 20 'spots = tots (8 spots =1 tot) 



b) 6 bills/day = spills/ray (1 bill = 2 mills 

1 mill= 3 spills 
1 day » 4 rays) 



34H0W many Icg.-m Is equal to lifting 32 kg 2 m in 4 sec? 
sec. " 



b)Oonvert 2 mop-mill to top-till . (1 mop 9*^' ^ tops 
mingle tingle 2 mills = 1 till 

3 mingles = 1 tingle) 



i • 



4. a) At 88' ft./sec. how long will it take to travel 1 mile? 
__(Vmile ~ 5280 feet) 



b) 1 manpower = 90 ft«-lba« 'i How much could an average man lift 

sec. • '4 ft» in 6 see*? 
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QUIZ:PACK2T.#1 ^ ' - 

Use factor labe], method as demonstrated. Your s^t-up and answers 
vlll be graded so show all. work. 

1* a) 1 km = dm ^ 



2.. 1 mile - 5280 feet 
' a) 2 mile =V inches 




b) Given: 1 boa/ - 2 coat 
1 coa't = 4 ^loatis 
3 . loads 1 toad 



5 boats = todd 



3* a) The speed limit in a school zone isp 25 miles/hour. ' . " 
In- the metric system, what is the spe,6d limit in km/hr.? 
■ (1 km = .6 mi e) " ' - 



b) 4 mi,/hr. - ft./sec» 
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TABLS A • » . '. 

Test Results: Pretest 
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TABLS A (Con't.) 
Test Results: Pretest 
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lb 


2a* 


"2b 


3a 


3b 




4b 


Raw R^oytA 




24 . 






TT 




a 


TT 
U 


TT 
U 


TT 
U 


o 




25 


u 


u 


u 


3 


Q 
w 


TT 
U 


TT 
U 


TT 
U 






26 


u 


u 


u 


u 


3 


TT 
u 


3 


Q 
w 






27 


s 


u. 


u 


s • 


s 


u 


u 


u 


3 


37.5 


28 


u 


u 


u 


u 


u 


u 


u 


u 


0 


0.0 




u 


u 


s 


u 


s 


u 


s 


.u 




37.5 


30 


u 


u 


u 


u 


s 


u 


u 


u 


1 


12.5 


31 


u 


u 




u 


s 


u 


u 


u 


l" 


12.5 


32 


u 


u 


u 


u 


s 


u 


u 


u 


1 


12.5 


33 


u 


u 


u 


s 


s 


u 


u 


u 


2 


25.0 

1 



Notes S** represents a satisfactory factor label set-up. 

Sc represents a correct factor label. set-up with . 
an Incorrect conversion factor* 
^^U" represents an imsatisfactory 'factor label set-up, 
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TABI2 B 
(Test Results: Posttest 



ERIC 



STUDENT 



PSRPPRMANCS BY PROBLEM 



la lb 2a 2t) 3a 3b 4a 4b 



TOTAL SCORES. 



Raw Score 



jg-Score 



. 1 . 


Sc 


X 


u 




3 . 


S 


3 


6.5 


81.25 


2 


S 




. s 


s 


3 


3 


3 


S. 


8 


100.0 


3 


Sc 


Sc 


-s 


s 


3 


3- 


3 


3 


7 


87.5 


4 


S 


S 


s 


3 


3 


3 


S 


>S 


8 


100.0 

1 


5 


Sc 


Sc 


s 


3 


3 


3 


3 


3 


7 


87.5 


6 


S 


S 


s 


3 


3 


3 


3 


S 


8 


100.0 


7 


Sc 


U 


u ■ 


U 


U 


U ' 


U 


U 


.5 


■ 6.25 


8 


S 


S 


s 


3 


S 


3 


3 


3 


8 


100.0 ' 


• ? 


. Sc 


S 


s 


3 


3 


3 


3 


3 


7.5 


93.75 


10 


S 


S - 


s 


3 


S 


3 


3 


3 


8 


100.0 


11 


S 


s 


s 


u" 


3 


3 


3 


3 


7 


87.5 


12 


Sc 


Sc 


s 




.3 


3 


3 


S 


7 


87.5 


13' 


3 


* 

S6 


s 


3 


.3 ■ 


3 


a 


U - 


6.5 


81.25 


1*. 


s 


s 


s • 


S 


3 


3 


3 


3 


8 


100.0 


' 15 


u 


u 


3 


3 


• 3 


3 


3 


3 


6 


75.0 


16' ' 


s 


s ' 


s 


3 


3' 


3 


3 ' 


3 


.8 


100.0 


17 


U' 


u 


s 


3 


3 


3 


S 


3 


6 


' 75.0 


18 


: U 


u 


u 


3 


U 


3 


3 


U 


3 


37.5 


19 


.■ S 


s 


s 


*3 


3 


3 


"3 


's 


8 


100.0 


20 ^ 


S 


Sc 


s 


U 


3 


3 


3 


U 


5.5 


68.75 


.21 


> 


u 


s > 


3 


'3 


U 


U 


U 


3 


37.5 • 


'22 


s 


Sc 


s 


3 


U 


3 


3 


U 


5.5 


68.5 


23 ' 


s 


s 


s 


3 


'3 


3 


S 


3 


8 


100.0 



TABLE B (Con't,) 
Test Results: Posttest 



STUDENT 
It 


— -* 


PSRFORiMAKCS BY 


PROBLSH 




TOTAL SCORSS 


la 


X o 


On 








ho 


4b 


Raw 3c ore 


^-3core 


24 


S 








Q 


a 


c 
D 


S 


8 


100*0 


25 


Sc 


q 
w 




q 
w 


a 


Q 


a 

s 


3 


7.5 


93.75 


26 


U 


IT 
u 


q 


TT 
U 


q 


TT 
U 


a 
O 


S 


1, 

4 


50.0 


27 


S 


s 


s 


3 


3 


S 


3 


3 


8 


100,0 


28 


3c 


u 


s 


S 


. 3 


S " 


u 


3 


5.5 


68,75 


29 


S 


s 


s 


3 


3 


s 


3 


U 


7 


87.5 


3Q 


S 


u 


s 


3 


3 


s 


3 


3 


7 


87.5 






u 


-3 


U 


U 


u 


U 


U 


1 


12.5 


32 


S 


s 


3 


3 


3 


s 


3 


3 


8 


100,0 


33 


s 


s 


3 


3 


3 


s 


3 


S 


8 


100,0 



Note: 'S** represents a satisfactory factor label set-up» 
**3c** represents a correct factor label set-up with 

an incorrect conversion factor* 
!*U" represents an unsatisfactory factor label set-up» 
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TABLS C 

Mastery of Objectives of Packet #1: 
» V , Quiz Results 



STUDaN!i\ OBJECTIVES ij STUDENT OBJiCTIVSS 
# \ MASTSRED ! # MASTERSO 



1 


none 




18 


' none 


2 


1, 2, 3 




19 


2, 3 


3 


2, 3 


!; 

t 


20 


1» *3 


A 


2, 3. 


i; 

J i 

li 


21 


absent 


5 


3 


i; ■ 
ii 


22 • 


2, 3 


. 6 


1, 2, 3 


1 ) 
\\ 


23- 


1, 2, 3 


7 


none 


ii 


24 


1 


8 


2, 3- 


ii 


25 


1 


9 


2, 3 


i 

/ 

> 


26 


none 


10 


none 


i 
1 


27 


1, 2, 3 


11 


2, 3 ^ 


{ 


28 


2, 3 


12 J 




\ 

t . 
1 


29 


1, 2, 3 


13 • 


, 2, 3 


1 

1 

» 


30 


none 


14 


1, 2, 3 

1 


} 


, 31 


none 


15 


none 




32 


1, 2, 3 


16 






33 


1, 2, 3 


17 


absent 


i 
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